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(57) Abstract: 

PURPOSE: To perform CVD with high uniformity in plane 
for a wafer of large diameter, by freely controlling the 
dissociation state of a CVD material gas and the ion 
current density distribution in a chamber in a helicon 
plasma en hanced CVD system. 

CONSTITUTION: A single-loop antenna 6 for m=0 mode 
plasma excitation which faces a top plate 2 of a plasma 
generation chamber 1 , and a half-turn antenna 7 for m=1 
mode plasma excitation which surrounds sidewall 
surfaces of the chamber, are provided. By operating a 
switch 12, a normal RF generator 13 or a pulse generator 
14 is connected to the antennas 6 and 7. Outputs of the 
antennas are adjusted by driving amplifiers 62, 72, 
respectively, and simultaneous continuous generation or 
simultaneous intermittent generation of helicon plasma 
PH of two modes is carried out. Plasma transportation is 
controlled by a switch 82 connected to an outer solenoid 
coil 8b. Thus, an SiOx interlayer insulation film can be 
satisfactorily embedded in a fine interconnection space. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is the mimetic diagram showing the electric-field pattern of the helicon wave plasma in the m= 0 mode 
and the m= 1 mode. 

[Drawing 2] It is the graph which shows the saturation ion current density distribution of the helicon wave plasma in 
the m= 0 mode and the m= 1 mode. 

[Drawing 3] It is the typical sectional view showing the example of 1 configuration of the helicon wave plasma-CVD 
equipment in which coincidence continuation / intermittent excitation of the helicon wave plasma in the m= 0 mode 
and the m= 1 mode, and transportation control of the helicon wave plasma are possible. 

[Drawing 4] It is the typical sectional view showing the example of 1 configuration of the helicon wave plasma-CVD 
equipment in which mutual excitation of the helicon wave plasma in the m= 0 mode and the m= 1 mode is possible. 
[Drawing 5] In CVD of the SiOx interlayer insulation film which applied this invention, it is the typical sectional 
view showing the condition that aluminum system circuit pattern was formed on the substrate insulator layer. 
[Drawing 6] The tooth space between wiring of drawing 5 is the typical sectional view showing the condition of 
having been embedded good with the 1st SiOx interlayer insulation film. 

[Drawing 7] It is the typical sectional view showing the condition of having performed CMP and having ground 
evenly the front face of the 1st SiOx interlayer insulation film. 

[Drawing 8] It is the typical sectional view showing the condition of having carried out the laminating of the 2nd 
SiOx interlayer insulation film on the 1st SiOx interlayer insulation film or the SiOF film. 

[Drawing 9] It is the typical sectional view showing the condition of having performed CMP, having ground evenly 
the 1st SiOx interlayer insulation film or SiOF film of drawing 8 , and having carried out the laminating of the 3rd 
SiOx interlayer insulation film on it. 
[Description of Notations] 
1 Plasma Production Chamber 
3 Diffusion Chamber 

5 2nd Gas Supply Line 

6 Single Loop Antenna 

7 Half Turn Antenna 

8 Solenoid Coil 

8a Inner circumference side solenoid coil 
8b Periphery side solenoid coil 

9 Wafer Stage 

10 1st Gas Supply Line 

12 Switch 

13 RP Generator . 

14 Pulse Power Source " 
15,61,71 Matching network 

16 RF Generator for Bias Impression 
18 High-speed Switching Circuit 

62 72 Drive amplifier 

63 Relay Circuit 

81 DC Power Supply 

82 Switch 

21 Substrate Insulator Layer 

24 Aluminum System Circuit Pattern 



25 1st SiOx Interlay er Insulation Film 

26 2nd SiOx Interlayer Insulation Film 

27 3rd SiOx Interlayer Insulation Film 

28 SiOF Film 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of aiming at the improvement in the surface 
smoothness of an insulator layer and the improvement of membraneous quality on the substrate which has a high 
aspect ratio level difference, and multilayer-interconnection structure, changing the ion density distribution in a 
plasma production chamber free especially about the helicon wave plasma-CVD approach applied to the micro- 
processing fields, such as manufacture of a semiconductor device. 
[0002] 

[Description of the Prior Art] In high integration semiconductor devices, such as VLSI in recent years and ULSI, 
making millions of or more piece thing component accumulate on the chip of several mm angle is needed. However, 
it is already difficult to deal with this high integration by detailed-ization of a two-dimensional component. For this 
reason, three-dimensions-ization of device structure, such as applying a trench or adopting a multilayer 
interconnection, is advanced to the structured divisions, such as isolation, a capacitative element, and a transistor, and 
four or more layer thing multilayer-interconnection structure is also especially adopted with a logic system device. 
Inside such three-dimensions-structure, the aspect ratio of a trench or the tooth space between wiring is over at least 1 . 
Then, the importance of the so-called global flattening which embeds these trenches and the tooth space between 
wiring with an interlayer insulation film at homogeneity, and carries out flattening of the front face over the whole 
surface of a substrate from a viewpoint which secures the dependability of a circuit pattern and the resolution of a 
photolithography is increasing increasingly, this global flattening ~ design rule 0.25micrometer - it is expected that it 
becomes an indispensable technique henceforth. 

[0003] As main technique for realizing global flattening, the following are proposed conventionally. 

(a) Membrane formation CMP of the interlayer insulation film by the (Etchback b) bias ECR plasma-CVD method of 

a spreading mold insulator layer (c) (chemical machinery polish) 

The etchback of the spreading mold insulator layer of the above (a) is the technique of decreasing the thickness of this 
paint film extensively in anisotropic etching, after making a substrate front face apply and harden liquefied glass 
ingredients, such as SOG (spin-on glass). 

[0004] The bias ECR plasma CVD of the above (b) is the technique of controlling substrate bias independently of the : 
above-mentioned plasma production, and also aiming at the flattening effectiveness by ion spatter operation 
collectively while forming the film which is made to generate the ECR plasma which has a high ion current 
consistency under low gas pressure using ECR (electron cyclotron resonance), and is excellent in step coverage nature 
(step coverage). SiOx formed by bias ECR plasma CVD Since the film has few dangling bonds of Si atom, it is 
known that the trap of moisture has precise membraneous quality with the low content of Si-OH radical or a Si-H 
radical few therefore. 

[0005] Furthermore, CMP of the above (c) is the technique of attaining flattening by rotating the both sides of a 
surface plate and a substrate, supplying the alkaline slurry which the polished surface-ed of a substrate is contacted to ■ 
the surface plate which stretched abrasive cloth, and contains a polish particle on abrasive cloth. This approach is 
already introduced into manufacture of the device corresponding to costs, such as CPU, from the high level of global 
flattening capacity of what needs know-how for optimization of conditions, such as selection of a slurry, and DRESS 
(adjustment of the surface roughness by grinding) of abrasive cloth, not a little. 
[0006] 

[Problem(s) to be Solved by the Invention] However, the conventional flattening technique mentioned above also has 
many technical problems which should be solved. 

[0007] First, about the etchback of the spreading mold insulator layer of (a), it is inadequate absolutely just to perform 
spreading and etchback by a unit of 1 time for attaining practically sufficient display flatness, and a possibility of 



causing the fise.of the cost by the increase of a great process and homogeneoxis degradation by repeating etchback is 
large. 

[0008] About the bias ECR plasma CVD of the above (b), organic silane system gas, such as TEOS (tetra-ethoxy 
silane), cannot be used as material gas. This is because the plasma consistency of the ECR plasma is very high, so a 
possibility of dissociation of the film formation precursor which should be contributed to a fluidity progressing too 
much, making a lot of carbon components remaining in the film, and degrading the membraneous quality of the SiOx 
film is large. For this reason, although the inorganic (mono silane) silicon system compound gas of SiH4 etc. must be 
used as material gas, the limitation is produced in improvement in flattening nature or an embedding property. 
[0009] There is also a problem which originates in an equipment configuration theoretically in addition to this in bias 
ECR plasma CVD. That is, in an ECR plasma CVD system, since it is in the inclination which a plasma production 
room enlarges in order to raise the plasma homogeneity in tfie plasma source corresponding to the diameter wafer of 
macrostomia in recent years, and the emission field is drawing out the plasma fi^om this plasma production room to 
the diffusion chamber, the diffiision chamber has also been enlarged inevitably. Therefore, the adhesion area of the 
deposit in the interior of a diffusion chamber also becomes so large, and is in the condition that a lot of particle 
always exists near the wafer. And since this diffusion chamber is in the location distant from the plasma source, the 
ion incidence to the chamber wall surface out of the plasma can also seldom be expected, especially there is little ion 
incidence to the side-attachment-wall side of a diffusion chamber. Therefore, even if it takes in plasma cleaning in a 
part of membrane formation cycle, the spatter removal device of the deposit on a wall surface cannot be used 
efficiently, but the result to which particle level gets worse is caused. 

[0010] And since the 8.75x1 0-2T (=875G) thing strong magnetic field is used in order to make the electron which 
rotates microwave with a frequency of 2.45GHz all over a magnetic field absorb in resonance, the magnetic field of 
Ixl0-2T level exists also near the front face of a substrate. Ionic temperature rises by the diamagnetism drift and 
charge exchange which are produced for the existence of this magnetic field, the level velocity component of ion 
increases, and there is also a problem that an ion spatter operation ununiformity-izes in a wafer periphery. 
[001 1] CMP of the above (c) does not have a possibility of producing a plasma damage, either, although it is the 
technique of promising ** being carried out, it will be difficult to attain flattening by the CMP independent in fact, 
and it will be the requisite that the interlayer insulation film is formed on the preceding paragraph story to the last as 
evenly as possible. In the present condition, although put in practical use in combination with a bias ECR plasma- 
CVD method, since the above various problems are in a bias ECR plasma-CVD method, it is necessary to also 
consider combination with the new plasma source from now on. 

[0012] Then, this invention aims at offering the CVD approach which can aim at the improvement in the surface 
smoothness of an insulator layer and the improvement of membraneous quality on the substrate which has a high 
aspect ratio level difference, and multilayer-interconnection structure. 
[0013] 

[Means for Solving the Problem] The helicon wave plasma-CVD approach of this invention is proposed in order to 
attain the above-mentioned purpose, and it performs CVD to the substrate held in the diffiision chamber connected to 
this plasma production chamber using helicon wave plasma equipment equipped with two RF antennas which can be 
excited, respectively, and a field generation means in the helicon wave plasma in the m= 0 mode, and the helicon 
wave plasma in the m= 1 mode in a single plasma production chamber. 

[0014] The helicon wave plasma is plasma which impress a magnetic field to a cylinder-like chamber and impress 
high frequency to the loop antenna fiirther woimd around this chamber, and accelerate this electron by making a 
helicon wave generate and conveying energy through the process of Landau damping to an electron from this helicon 
wave in this chamber, and this electron is made to collide with a gas molecule, and attains a high ionization rate. With 
helicon wave plasma equipment, the ion density (an ion current consistency 16-20 mA/cm2) of 101 l-1013-/cm3 can 
be about attained under the low voltage of a 10-4Pa base. 

[0015] And compared with the ECR (electron cyclotron resonance) discharge to which electronic.heating is not 
carried out, it is advantageous only in the limited field in which there is a property that it can spread in comparatively 
large RF frequency domain between ion cyclotron frequency omegaci and electronic cyclotron frequency omegace in 
a helicon wave in, and it is satisfied with this point of resonance conditions. Moreover, since a strong magnetic field 
is not needed for plasma production, the field near the substrate is also weak and the problem of the oblique incidence 
of the ion in a substrate periphery does not arise, either. 

[0016] As an antenna for exciting the helicon wave plasma in the m= 0 mode and the m= 1 mode, some types are 
proposed from before. For example, the helicon wave plasma in the m= 0 mode can be excited using the double loop 
antenna which made the plasma production chamber go around by two loop formations to which only a distance equal 
to the abbreviation one half of the wavelength of the helicon wave to spread besides the simplest single loop antenna 
is estranged, and the current of hard flow flows mutually. Moreover, the heUcon wave plasma in the m= 1 mode can 



excite a plasina pro.duction chamber using the half turn antenna which goes around partially. However, in this 
invention, it is required not to become a failure spatially mutually for the sake of the convenience which installs two 
antennas near the single plasma production chamber. It is good to install a single loop antenna in the top-plate part of 
a plasma production chamber, and to install a half turn antenna in the side-attachment-wall section of a plasma 
production chamber as the 2nd antenna for exciting the helicon wave plasma in the m= 1 mode as the 1st anteima for 
following, for example, exciting the helicon wave plasma in the m= 0 mode. 

[0017] Above CVD can also be performed supplying simultaneously intermittently, although you may carry out 
supplying high-frequency power to the two above-mentioned RF antennas simultaneously continuously. This 
coincidence intermittent impression is realizable using a pulse power source. As for the pulse generated according to 
this power source, that width of face is chosen as the order for 10 microseconds (microsecond), although the 
relaxation time of this of electron temperature is the order of ns (nanosecond) - receiving - the life of the plasma ~ 
the order for dozens of microseconds, and a******** — using ~ a plasma consistency ~ abbreviation - it is for 
making only electron temperature fluctuate periodically, maintaining uniformly. Since electron temperature is a 
parameter which determines the dissociative reaction of the material gas of CVD, and the sheath voltage on the front 
face of a substrate, it becomes controllable [ advanced dissociation control or ion energy ] according to the above 
pulse discharges. 

[0018] fiirthermore, it is ~ it is — Above CVD may be performed, changing the electric power supply to the two 
above-mentioned RF antennas to a high speed. This high-speed change becomes possible by forming a high-speed 
switching means in an electric power supply network. When performing this change, the m=0 mode plasma and the 
m=l mode plasma can be made to generate by turns, and the generation ratio of both plasma will be dependent on 
change timing. 

[0019] In addition, when performing coincidence continuation impression of the high-frequency power to two RF 
antennas, or coincidence intermittent impression in this invention, if the phase adjustment means for shifting mutually 
the phase of the RF supplied to the above-mentioned electric power supply network at said the 1st antenna and 2nd 
antenna is established, it is much more suitable. This is for preventing resonance, when the frequency of the RF 
supplied to both antennas is equal. As this phase adjustment means, a relay circuit can be used typically. Moreover, it 
is the policy which was excellent also in including the output adjustment device for controlling independently the 
high-frequency power supplied to said the 1st antenna and 2nd antenna in this electric power supply means. As this 
output adjustment device, drive amplifier can be used typically. 

[0020] Although the above is the plasma control by RF electric field, plasma control by the field may be performed 
by the helicon wave plasma-CVD approach of this invention. A thing including a field switching means to control 
supply/cutoff of the current over a solenoid coil and this solenoid coil as a field generation means of helicon wave 
plasma CVD used here can be used. With the helicon wave plasma equipment which is making the plasma production 
chamber go around with two solenoid coils, an inner circumference side and a periphery side, especially, as the 
solenoid coil by the side of inner circumference said that propagation of a helicon wave and the solenoid coil by the 
side of a periphery were used for transportation of the helicon wave plasma, for example, the roles of each coil may 
differ. In such a case, the current is always impressed, for example to the inner circumference side solenoid coil, and 
transportation of the helicon wave plasma from a plasma production chamber to a diffiision chamber can also be 
controlled by controlling supply/cutoff of the current to a periphery side solenoid coil. It enables this to change the 
consistency of the plasma which can be used near the substrate free. 

[0021] Although the approach described above is related with the pattern of the most fimdamental plasma control in 
this invention, if it takes into consideration that the important application of this invention is membrane formation of 
an insulator layer, in order to form the insulator layer which is excellent in both step coverage nature and 
membraneous quality (especially moisture resistance), it is also effective to form a membrane formation process into 
2 processes. That is, it is possible to use properly the plasma control which divided into the 1 st process which forms 
the 1st thin film which is excellent on said substrate at step coverage nature, and the 2nd process which forms the 2nd 
thin film which is excellent in moisture resistance, performed CVD, and was mentioned above among both processes. 

[0022] Specifically by changing the power delivery late to said two RF antennas among both processes The 
generation ratio of the helicon wave plasma in the m= 0 mode and the helicon wave plasma in the m= 1 mode is 
changed. Or the thing performed extinguishing the field component which contributes to transportation of the helicon 
wave plasma to said diffusion chamber through control of said field generation means at said 1st process, and making 
this field component generate at said 2nd process, fiirthermore, it is - it is ~ said 1st process ~ the electric power 
supply to said two RF antennas ~ coincidence ~ intermittent — carrying out - said 2nd process — this electric power 
supply — coincidence ~ it can carry out continuously. 

[0023] Here, as the 1st thin film which is excellent in step coverage nature, the silicon compound system thin film 



formed usin^ the material gas containing an organic silicon system compoimd is typical. The typical things of this 
material gas are 02 / TEOS mixed gas, and H20/TE0S mixed gas, and a SiOx system insulator layer is formed using 
these. Or since to lower a dielectric constant in order to ease increase of the capacity between wiring accompanying 
detailed-izing about an interlayer insulation film in recent years is desired, the silicon compoimd system thin film 
which contains a fluorine as the 1st thin film may be formed, this film - fluorocarbon system gas and 02 etc. — an 
oxidizing quality is the SiOF system insulator layer formed considering the mixed gas of SU as material gas. [ for 
example, ] 

[0024] The silicon compound system thin film formed on the other hand using the material gas which contains a 
silane system compound as the 2nd insulator layer which is excellent in moisture resistance is typical, concrete ~ 
silane system gas, such as SiH4 (mono silane) and Si2H6 (disilane), and 02 etc. - it is the SiOx system insulator 
layer formed using a oxidizing gas. 
[0025] 

[Function] In fi-ee space, in limited space like a plasma production chamber, only the specific mode is excited and a 
helicon wave turns into a wave equipped also with electrostatic nature which carries out a circularly-polarized wave 
in the direction of a right hand, although it is an electromagnetic wave purely. If it deduces fi*om the linearization of 
the equation of a place, an electric-field pattern as shown in drawing 1 as the first 2 modes exists. Here, as for 
drawing of (a), the m= 0 mode and drawing of (b) express the m= 1 mode, and the value of m corresponds to the 
Bessel fimction which appears during the expression of electric-field magnification. The pattern currently displayed in 
the center supports [ phase angle phi=pi / 2, and a lower limit ] to the phase angle phi= 0 among a series of patterns, 
and upper limit supports phase angle phi=-pi/2, respectively. From a completely electromagnetic condition [ in / with 
the m= 0 mode / in a wave / phase angle =0 ] to a phase angle = it shifts to the completely electrostatic condition in 
pi/2 spatially. Among both conditions, electric field are spiral and have the property of both electromagnetic [ a 
wave ] and electrostatic, on the other hand — the m= 1 mode ~ always — electromagnetism - it is mixing of a 
component and an electrostatic component and an electric-field pattem rotates clockwise simply with wave 
propagation. 

[0026] It is known that the propagating mode of the above-mentioned helicon wave plasma will change in the 
winding format of the antenna in the outside of a plasma production chamber, and the saturation ion current density 
distribution in a plasma production chamber also changes with these modes. The situation of this change is shown in 
drawing 2 . An axis of abscissa expresses the location (mm) of the diameter direction of a plasma production chamber 
among drawing, and an axis of ordinate is a saturation ion current consistency (mA/cm2). It expresses. As shown in 
this drawing, in the m= 0 mode, a saturation ion current consistency shows distribution which falls near the center of 
a chamber and becomes high around it. On the other hand, the m= 1 mode shows the pattem which has a peak in the 
comparatively narrow range of the center of a chamber. 

[0027] Since it is designed so that the helicon wave plasma in either mode of m= 0 and m= 1 may be excited, usual 
helicon wave plasma equipment is difficult for attaining a uniform ion current consistency covering the whole 
diameter direction of a chamber, also when which the mode is excited. Moreover, it is also impossible to change a 
saturation ion current consistency in the middle of CVD. However, since it is carried out to the ability of the heKcon 
wave plasma equipment used for the helicon wave plasma-CVD approach of this invention to excite the helicon wave 
plasma in both mode of these in a single plasma production chamber by having two RF antennas, the ion current 
density distribution in a chamber becomes what has the character in both modes. That is, it becomes possible to 
compensate depression of the ion current consistency near [ in the m= 0 mode ] the chamber center with the peak in 
the m= 1 mode, and an ion current consistency can be equalized over the large range of the chamber diameter 
direction as a result. 

[0028] Furthermore, if it will become controllable [ electron temperature ] if pulse impression of high-fi-equency 
power is performed, and the plasma in m= 0 and the m= 1-car mode is excited by turns In condition of becoming 
controllable [ ion / radical formation ratio ], and becoming plasma excitation independently controllable [ the plasma 
consistency near the substrate ] if the magnetic field which contributes to transportation of the helicon wave plasma 
fiirther again is controlled According to the contents of desired plasma treatment, the fine plasma is controllable. 
[0029] If CVD is performed using such helicon wave plasma equipment, compared with the case where the 
conventional helicon wave plasma equipment which has excited only the helicon wave plasma in one of the modes at 
once is used, homogeneous reservation will become easy also to the wafer of the diameter of macrostomia. moreover, 
the insulator layer which was excellent in step coverage nature using the material gas which contains organic silicon 
system compounds, such as TEOS, first — forming membranes — a degree - SiH4 etc. ~ like, also when [ which was 
referred to as forming the insulator layer which was excellent in moisture resistance using the material gas containing 
an inorganic silicon system compound ] CVD is formed into 2 processes, the merit of this invention appears notably. 
For example, although it is necessary to restrict dissociation of gas moderately at the process which makes the 



material gas' containing an organic silicon system compoxmd discharge in order to form a fluid high membrane- 
formation precursor and to decrease the residual organic component in the film, in order to secure rate of 
sedimentation sufficient at the process which makes the material gas which contains an inorganic silicon system 
compound conversely discharge, it is necessary to promote dissociation of gas, and the optimal plasma conditions 
differ at each process. According to the helicon wave plasma-CVD approach that this invention was formed into 2 
processes, since there are many control parameters about impression of the high-fi*equency power to a RF antenna or 
impression of a magnetic field, it is possible to deal also with the case where plasma control complicated in this way 
is required, easily. 
[0030] 

[Example] Hereafter, the concrete example of this invention is explained. 

[0031] In example 1 this example, the helicon wave plasma-CVD equipment which can excite the helicon wave 
plasma in the m= 0 mode and tiie m= 1 mode is used, and it is SiH4 / 02. The detailed tooth space between wiring of 
alxmainum system circuit pattern was embedded with the SiOx interlayer insulation film formed by the gas system. 
[0032] First, the notional configuration of the helicon wave plasma-CVD equipment used by this example is 
explained, referring to drawing 3 . The plasma production section of this equipment It is the helicon wave plasma PH 
to the interior. As opposed to the plasma production chamber 1 which consists of dielectric materials for making it 
generate, the 1st gas supply line 10 inserted in from the top plate 2 of this plasma production chamber 1 , and this top 
plate 2 On an outside, tiie plasma production chamber 1 is around gone to the pan of the single loop antenna 6 for 
m=0 mode launching formed in parallel, the half turn antenna 7 for m=l mode launching which goes partially the 
side-attachment-wall side of the same plasma production chamber 1 around, and the above-mentioned half turn 
antenna 7. Let the solenoid coils 8 which make the field in alignment with the shaft orientations generate be the main 
components. The component of the above-mentioned plasma production chamber 1 was used as the quartz, and the 
diameter was set to 35cm. 

[0033] Although loading of two above-mentioned RF antennas is the greatest special feature of this equipment, both 
[ these ] antennas are connected to the common electric power supply network. This electric power supply network 
includes two kinds of power sources, usual RF generator 13 and the high frequency pulse power source 14, and is 
made as [ choose / witii a switch 12 / either ]. That is, if the terminal SI of a switch 12 is chosen and usual RF 
generator 13 will choose a terminal S2 again, the RF pulse power source 14 will be connected to both antennas. 
Between the single loop antennas 6, the relay circuit (R/C) 63 as a phase adjustment means, the drive amplifier 62 as 
an output adjustment device, and the matching network (M/N) 61 for impedance adjustment are connected with the 
above-mentioned switch 12 in this order. Moreover, between the above-mentioned switch 12 and the half tum 
antenna 7, the matching network (M/N) 71 is connected with the drive amplifier 72 at this order. 
[0034] The high-frequency power suppUed to the two above-mentioned antennas using two drive amplifier 62 and 72 
in this way is independently controllable by this equipment. This is equal to changing independently the height of the 
peak of two saturation ion current density distribution curves of above-mentioned drawing 2 , and means that the 
optimal ion current density distribution can be set up according to the contents of the desired process. 
[0035] In addition, since the above-mentioned relay circuit 63 aims at shifting mutually the phase of the RF supplied 
to the single loop antenna 6 and a half tum antenna, the illustrated example may be conversely connected to the half 
tum antenna 7 side. The phase shift by the relay circuit 63 is set as pi/2. 

[0036] The above-mentioned solenoid coil 8 is [ irmer circumference side solenoid coil 8a which is made into double 
structure and contributes mainly to propagation of a helicon wave, and ] mainly the helicon wave plasma PH. It 
consists of periphery side solenoid coil 8b which contributes to transportation to a diffusion chamber 3. Although 
these solenoid coils 8a and 8b are connected to common DC power supply (D/C) 81, it is placed between the current 
paths which result in periphery side solenoid coil 8b by the switch 82, and is made as [ control / by ON/OFF of this 
switch 82 / transportation of the helicon wave plasma PH ]. 

[0037] A diffusion chamber 3 is connected to tiie above-mentioned plasma production chamber 1, the emission field 
which the above-mentioned solenoid coil 8 forms is met, and it is the helicon wave plasma PH to the interior of this 
diffusion chamber 3. It is made as [ pull ]. The side-attachment- wall side and base of a diffusion chamber 3 are 
constituted using conductive ingredients, such as stainless steel, and the high vacuum exhaust air of the interior is 
carried out in the direction of arrow-head A through the exhaust hole 4 by the exhaust system which is not illustrated. 
Moreover, from the head-lining section, the 2nd gas supply line 5 which has the diffuser of the shape of a ring which 
carries out opening near the wafer W is inserted in, supply of required gas is received in CVD in the direction of 
arrow-head B, and it connects with the load lock chamber which is not further illustrated through a gate valve 17 in 
the side-attachment-wall side. 

[0038] In addition, this equipment is equipped with two gas supply means of the 1st gas supply line 10 and the 2nd 
gas supply line 5 as mentioned above. This is for making dissociation of the gas for making the helicon wave plasma 



generate, arid dissopiation of the gas for supplying an actual deposition kind estrange as much as possible mutually, 
and reduction of particle contamination of the plasma production chamber 1 interior is achieved, a deposition kind 
being efficient and making it generate by this. 

[0039] Furthermore, in order to complete the emission field in the about nine above-mentioned wafer stage and to 
control the electron in the plasma with a chamber wall, and disappearance of active species, the multipole magnet 1 1 
is arranged in the exterior of the above-mentioned diffusion chamber 3 as an auxiliary field generation means. In a 
diffusion chamber 3, this multipole magnet 1 1 makes a multi-cusp field generate, and performs plasma confinement. 
In addition, the arrangement location of this multipole magnet 1 1 may not be restricted to the example illustrated, for 
example, may be other locations, such as a perimeter of the stanchion of the wafer stage 9. furthermore, it is ~ it is — 
this is transposed to a solenoid coil and formation of a mirror magnetic field may be made to perform plasma 
confinement. 

[0040] The conductive wafer stage 9 electrically insulated fi-om that wall surface is held in the interior of the above- 
mentioned diffusion chamber 3, and it is made as [ perform / hold for example, the wafer W as a processed substrate, 
and / on this, / predetermined plasma treatment (here CVD) ]. In order to control the energy of the ion which carries 
out incidence out of the plasma, RF generator 16 for bias impression which impresses substrate bias is connected to 
Wafer W through the 2nd matching network (M/N) 15 on this wafer stage 9. Here, the fi-equency of RF generator 16 
for bias impression was set to 13.56MH2. 

[0041] Next, CVD of a SiOx interlayer insulation film was actually performed using above equipment. The sample 
wafer used by this example is shown in drawing 5 . In this wafer, the laminating of the substrate insulator layer 21 
which consists of SiOx is carried out on the Si substrate 20, and aluminimi system circuit pattem 24 is fiirther formed 
with irregular spacing partially on this. For example, on the barrier metal 22 which consists of a cascade screen of 
Ti/TiN, the aluminum- l%Si film 23 carries out patterning of the multilayers by which the laminating was carried out, 
and the above-mentioned aluminum system circuit pattem 24 is formed. This patterning is realized by specifically 
performing KrF excimer laser lithography using a halftone mold phase shift mask and a chemistry multiplier system 
REJITOSUTO ingredient, and performing anisotropy dry etching by using as a mask the resist pattem formed by this. 
The minimum value of the above-mentioned aluminum system circuit pattem 24 and the tooth space between wiring 
is 0.25 micrometers. Moreover, the maximum ASUPETO ratio of the tooth space between wiring is about 2. 
[0042] While setting this wafer on the above-mentioned wafer stage 9, choosing the terminal SI of a switch 12 and 
connecting usual RF generator 13 to two high frequency antennas in common, a switch 82 is set to ON, and it is the 
helicon wave plasma PH. Transportation was made into the condition of always being carried out. Here, the SiOx 
interlayer insulation film was formed on condition that the following as an example. 
[0043] 

02 Flow rate (the 1st gas supply line 10) 50 SCCM SiH4 Flow rate (the 2nd gas supply line 5) 50 SCCM Gas 
pressure 0.13 Pa Single loop antenna supply voltage 2500 W (13.56 MHz) 
Half tum antenna supply voltage 2500 W (1 3 .56 MHz) 
High frequency bias power 1 00 W ( 1 3 .56 MHz) 

By this CVD, as shown in drawing 6 , the uneven tooth space between wiring was also able to be embedded good 
with the SiOx interlayer insulation film 25. The thickness homogeneity at this time was extremely excellent with 
**2% about the wafer of the diameter of 8 inch. 

[0044] Then, the front face of the above-mentioned SiOx interlayer insulation film 25 was ground by the well-known ] 
CMP method, and SiOx interlayer insulation film 25p (it expresses that Subscript p is the ground film.) by which 
flattening was carried out as shown in drawing 7 was obtained. 

[0045] In example 2 this example, the helicon wave plasma-CVD equipment mentioned above in the example 1 is 
used. Connect the RF pulse power source 14 at the 1st process first, and coincidence intermittent generation of the 
m=0 mode plasma and the m=l mode plasma is carried out. And after forming the 1st SiOx interlayer insulation film 
which is excellent in step coverage nature, controlling transportation of the helicon wave plasma, The 2nd SiOx _ 
interlayer insulation film which is excellent in moisture resistance was formed having carried out coincidence 
continuation generation of both the plasma using RF generator 13 usual at the 2nd process, and also performing 
plasma transportation as usual. 

[0046] That is, first, at the membrane formation process of the 1 st SiOx interlayer insulation film, it set in the helicon 
wave plasma equipment which stated the sample wafer shown in above-mentioned drawing 5 in the example 1, the 
terminal S2 of a switch 12 was chosen, and the RF pulse power source 14 was connected to the single loop antenna 6 
and the half tum antenna 7. Moreover, it sets to OFF and the switch 82 connected to a periphery side solenoid coil is 
helicon wave PURAZU PH to a diffusion chamber 3. It considered as the condition of having controlled 
transportation. An example of the CVD conditions of this 1st process is shown below. 
[0047] 



[The '1st process] . 

02 Flow rate (the 1st gas supply line 10) 50 SCCM TEOS flow rate (the 2nd gas supply line 5) 20 SCCM H20 Flow 
rate (the 2nd gas supply line 5) 50 SCCM Gas pressure 0.13 Pa Single loop antenna supply voltage 2000 W (13.56 
MHz) 

Half turn antenna supply voltage 1000 W (13.56 MHz) 

High frequency switching period 30 mus High frequency bias power 100 W (13.56 MHz) 

A plasma consistency is 1010-/cni3 by factors, such as having made intermittent the electric power supply to a RF 
antenna at the 1st process of the above, having held down the absolute value of the supply voltage to an anteima low, 
and having controlled the transportation by the side of the diffusion chamber 3 of the helicon wave plasma. It was 
stopped on the base, as a result, dissociation of TEOS was controlled moderately, and the fluid high membrane 
formation precursor was formed in the wafer front face. Furthermore, when the ion spatter operation by impression of 
high frequency bias power worked, the 1st SiOx interlayer insulation film 25 which was excellent in step coverage 
nature as shown in drawing 8 was able to be formed. 

[0048] While enabhng continuation impression of high-frequency power by choosing the terminal SI of a switch 12 
and connecting usual RF generator 13 to both antennas at the 2nd following process, a switch 82 is set to ON, and it is 
the helicon wave plasma PH to a diffusion chamber 3. The 2nd SiOx interlayer insulation film was formed by making 
transportation into a possible condition. An example of the CVD conditions of the 2nd process is shown below. 
[0049] 

[The 2nd process] 

02 Flow rate (the 1st gas supply line 10) 50 SCCM SiH4 Flow rate (the 2nd gas supply line 5) 20 SCCM Gas 
pressure 0.13 Pa Single loop antenna supply voltage 2500 W (13.56 MHz) 
Half tum antenna supply voltage 2500 W (13.56 MHz) 
High frequency bias power 100 W (13.56 MHz) 

At the 2nd process of the above, since the resultant leading to damp-proof degradation did not carry out a 
byproduction, as shown in drawing 8 , it was precise and the 2nd SiOx interlayer insulation film 27 which is excellent 
in moisture resistance was able to be formed. 

[0050] It is said that a problem is generally in membraneous quality while the SiOx film formed using organic silicon 
system compound gas, such as TEOS, is excellent in a flattening property or an embedding property. Namely, 
although the moisture and \anreacted Si-OH radical which are generated as a by-product of a CVD reaction are 
incorporated in large quantities in the SiOx film formed by this approach depending on membrane formation 
conditions If such SiOx film is used as an interlayer insulation film of a semiconductor device, it is known that it will 
be easy to generate various defects, such as a hillock to defective continuity (poison DOBIA) and aluminum system 
wiring film, generating of a void, and fluctuation of the threshold of MOS-FET, degradation of hot carrier resistance. 
[005 1] Although the above problems were solved by making an interlayer insulation film two-layer at this example, ; 
the membraneous quality of 1 st SiOx interlayer insulation fihn 25 itself has also been improved by dissociation 
control of TEOS, and the very reliable interlayer insulation film was able to be obtained. 

[0052] Then, it ground to the condition tiiat 1st flat SiOx interlayer insulation film 25p appears all over a base by the 
well-known CMP method as shown in drawing 9 . Furthermore, the 3rd SiOx interlayer insulation film 27 was anew 
formed on the same conditions as the 2nd process of the above, and, finally step coverage nature, surface smoothness, : 
and the interlayer insulation film that is excellent in damp-proof all were obtained. 

[0053] By example 3 this example, although it is similar with an example 2, the process which replaces with the 1st 
SiOx interlayer insulation film 25, and forms the SiOF film with a low dielectric constant is explained. At the 1st 
process, coincidence intermittent generation of the m=0 mode plasma and the m=l mode plasma and transportation 
control of the helicon wave plasma were performed. An example of the CVD conditions of this 1st process is shown 
below. 

[0054] ~ ^ ^ - . . . _ ^ . _ _ _ . . . _ . 

[The 1 st process] 

C2F6 50 SCCM gas pressure Flow rate (the 1st gas supply line 10) 20 SCCM 02 Flow rate (the 1st gas supply line 
10) 50 SCCM TEOS flow rate (the 2nd gas supply line 5) 20 SCCM H20 Flow rate (the 2nd gas supply line 5) 0.13 
Pa single loop antenna supply-voltage 2000 W (13.56 MHz) 
Half tum antenna supply voltage 1000 W (13.56 MHz) 

High fi-equency switching period 30 mus High fi-equency bias power 100 W (13.56 MHz) 

At this 1st process, the fluid high membrane formation precursor was formed in the wafer fi-ont face, and the SiOF 
film 28 as shown in drawing 8 was formed. When this SiOF film 28 incorporates in the film F which carried out 
dissociation generation fi-om C2F6, low dielectric constant-ization is attained compared with the 1st above-mentioned 
SiOx interlayer insulation film 25. 



[005^] However, since such a low dielectric constant insulator layer was generally inferior to moisture resistance, the 
2nd process continuously mentioned above in the example 2 was carried out, and the SiOx interlayer insulation film 
26 of ** the 2nd which is precise and is excellent in membraneous quality as shown in drawing 8 was formed. Of 
course, next CMP and the 3rd SiOx interlayer insulation film 27 are performed similarly, and moisture resistance may 
be raised while carrying out flattening of the base fi-ont face completely, as shown in drawing 9 . 
[0056] Although it was the CVD approach performed while all the examples of the example 4 former excite the 
helicon wave plasma in the m= 0 mode and the m= 1 mode to coincidence by performing coincidence supply of the 
high-frequency power to two RP antennas, this example explains the CVD approach performed while changing the 
electric power supply to the single loop antenna 6 and the half turn antenna 7 to a hi^ speed (i.e., while changing the 
helicon wave plasma in both the modes to a high speed). 

[0057] First, the helicon wave plasma-CVD equipment used by this example is explained, referring to drawing 4 . 
Unlike the equipment shown in drawing 3 of the above [ this equipment ], the relay circuit 63 for phase adjustment is 
not connected to the electric power supply network to the single loop antenna 6, instead the high-speed switching 
circuit 18 is connected to the latter part of usual RF generator 13. This high-speed switching circuit 18 can be 
switched with the period of the order of a number - 10 microseconds of nimibers, and plasma excitation can change 
that mode between m= 0 and m= 1, making it continue, and, thereby, can equalize the ion current density distribution 
of the direction of the diameter of a chamber. 

[0058] The sample wafer shown in this helicon wave plasma equipment at above-mentioned drawing 5 was set, and 

the SiOx interlayer insulation film 25 was formed on condition that the following as an example. 

[0059] 

02 Flow rate (the 1st gas supply line 10) 50 SCCM TEOS flow rate (the 2nd gas supply line 5) 20 SCCM H20 Flow 
rate (the 2nd gas supply line 5) 50 SCCM Gas pressure 0.13 Pa Single loop antenna supply voltage 2500 W (13.56 
MHz) 

Half turn antenna supply voltage 2500 W (13.56 MHz) 

High fi*equency switching period 15 mus High fi"equency bias power 100 W (13.56 MHz) 
By changing the helicon wave plasma in the m= 0 mode and the m= 1 mode to a high speed, and controlling the 
dissociation condition of TEOS by this example the optimal, it excelled in step coverage nature, and the SiOx 
interlayer insulation film 25 of good membraneous quality was able to be formed. 

[0060] In addition, although transportation of the helicon wave plasma was controlled by this example by connecting 
a switch 82 to periphery side solenoid coil 8b, and performing the ON/OFF control, if a switch is connected to inner 
circumference side solenoid coil 8a, generation/disappearance of the helicon wave plasma itself are controllable. 
However, if high-fi"equency power is supplied to at least one side of two RP antennas in this case, since RF electric 
field exist, in a plasma production chamber, inductively coupled plasma will generate it. That is, plasma control 
which changes generation of inductively coupled plasma and the helicon wave plasma by turns is realized. Generally 
inductively coupled plasma is rich in a radical, and since the helicon wave plasma is plasma which is generally rich in 
ion, it becomes possible [ controlling a radical / ion generation ratio by mutual excitation of both plasma finely ]. It is ! 
also possible to optimize the balance of efficient generation of a required deposition kind and proper flattening by ion 
by optimization of this control. 

[0061] As mentioned above, although this invention was explained based on the example of four examples, this 
invention is not limited to these examples at all, suitably, it can change and the details of the configuration of a 
sample wafer and the configuration of helicon wave plasma equipment and CVD conditions can be optimized. 
[0062] 

[Effect of the Invention] Since CVD will be performed using the helicon wave plasma equipment which can tune the 
plasma density distribution of the direction of the diameter of a chamber, and the dissociation condition of material 
gas finely if this invention is applied so that clearly also fi^om the above explanation, the insulator layer which is 
excellent in the hombgeneity within a field and membraneous quality can be formed optimizing depositionxonditions , 
finely according to the contents of CVD. Therefore, this invention contributes to high integration of a semiconductor ; 
device, high-performance-izing, and high reliance-ization greatly. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The helicon wave plasma-CVD approach of performing CVD to the substrate held in the diffusion chamber 
connected to this plasma production chamber using helicon wave plasma equipment equipped with two RF antennas 
which can be excited, respectively, and a field generation means in the helicon wave plasma in the m= 0 mode, and 
the helicon wave plasma in the m= 1 mode in a single plasma production chamber. 

[Claim 2] Said CVD is the helicon wave plasma-CVD approach according to claim 1 performed while exciting 
simultaneously continuously the helicon wave plasma in the m= 0 mode, and the helicon wave plasma in the m= 1 
mode by supplying high-frequency power to the two above-mentioned RP antennas simultaneously continuously. 
[Claim 3] Said CVD is the helicon wave plasma-CVD approach according to claim 1 performed while exciting 
simultaneously intermittently the helicon wave plasma in the m= 0 mode, and the helicon wave plasma in the m= 1 
mode by supplying power to the two above-mentioned RF antennas simultaneously intermittently. 
[Claim 4] Said CVD is the helicon wave plasma-CVD approach according to claim 1 performed while exciting the 
helicon wave plasma in the m= 0 mode, and the helicon wave plasma in the m= 1 mode by turns by changing the 
electric power supply to the two above-mentioned RF antennas to a high speed. 

[Claim 5] Said CVD is the hehcon wave plasma-CVD approach according to claim 1 performed while changing 
generation/disappearance of the field component which contributes to transportation of the helicon wave plasma to 
said diffusion chamber through control of said field generation means. 

[Claim 6] Said CVD is the helicon wave plasma-CVD approach according to claim 1 of changing the generation ratio 
of the helicon wave plasma in the m= 0 mode, and the helicon wave plasma in the m= 1 mode, by carrying out by 
dividing into the 1st process which forms the 1st thin film which is excellent on said substrate at step coverage nature, 
and the 2nd process which forms the 2nd thin film which is excellent in moisture resistance, and changing the power 
delivery late to said two RF antennas among both processes. 

[Claim 7] Said CVD is the helicon wave plasma-CVD approach according to claim 1 which divides into the 1st 
process which forms the 1 st thin film which is excellent in step-coverage nature on said substrate, and the 2nd process 
which forms the 2nd thin film which is excellent in moisture resistance, performs, and performs while extinguish the 
field component which contributes to transportation of the helicon wave plasma to said diffusion chamber through 
control of said field generation means at said 1st process and making this field component generate at said 2nd 
process. 

[Claim 8] Said CVD is the helicon wave plasma-CVD approach according to claim 1 of carrying out by dividing into 
the process which forms the 1st thin film which is excellent on said substrate at step coverage nature, and the process 
which forms the 2nd thin film which is excellent in moisture resistance, performing simultaneously intermittently the 
electric power supply to said two RF antennas at said 1st process, and performing this electric power supply on a 
coincidence continuation target at said 2nd process. 

[Claim 9] The heUcon wave plasma-CVD approach according to claim 6 which is the silicon compound system thin 
film with which said 1 st thin film is formed using the material gas containing an organic silicon system compound. ; 
[Claim 10] The helicon wave plasma-CVD approach according to claim 6 which is the silicon compound system thin 
fihn with which said 1 st insulator layer contains a fluorine. 

[Claim 1 1] The helicon wave plasma-CVD approach according to claim 6 which is the silicon compound system thin 
film with which said 2nd thin film is formed using the material gas containing a silane system compound. 
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M:/^X-7O4mtt«J0#A^i'5>i^iife#-r 

?>Z.t\ZfS:^. 

[0 0 19] *^ggC*5ViT2I^JgtOiiSSjS7> 

■^^:m2<D7>^^•^-t«tsft;^n^ii^si^t<D^*ffl*^.lit 50 



!t#S¥8-2 8 8 2 7 2 

6 

^nn, mr >f-±\z^m^n^Mm&(om^m^ 
mL\^^m^\z^mm±titctbx$>^, z.<D&mmm 
^gtUTtt. ^mmzw)u-^nm^^^z.ti)^x 

H 2<D7>f-i--^mi&-r^^mm.mi3^'&i.\zmfi-ti 

z<Dmtimm^mtLx\i. mmm\z\mm7y':f^m 

[0 0 2 0] £A±«igMiS«#fc:<k^7'^X-7$ill?T* 
*^W©Aij3>jSy7X-7CVD:^STtt, ]^ 

mz^?>zfyX'7Mmi:noxhi^^^, zzxm^^^n 
^^yn^p^nmt9y^m(r>2^m<r>vvj^ y • a-f 

;l'T^lHl^-B:TVi^'\Un>?^7'^XTggTtt> fct 

^^fijoyi/y-f K • jWt^un>iji::^7Xv©^ 
M tffl ^ t VI o J; ^ ;KZ)Sf J*«S/fe 

s;itfc<tD. :/7XT4^9^-v>A**^e.ii£^5'^>A 
'NO'S u 3 y^-fyx-^(Dmm^Mm-r?> z. t hx^ 

^. ^nicJ;i9, Sfejfi^TllJfflTt^y^XTO^g 

[0 0 2 1] &.±m^rc:^m\t, *^Hjt*tt^gt>s 

*W;5:y7XTMffll©A:5'->{cS-r?)fc<DTa&S*t. 

mf^^^^-r^rztb\z. mxm^2xmfr^zth 

1 ojsiii?£f£KT?>H 1 JMt. mmmzmn^f^ 
2<Dmm^^mt?>m2xmtizmxcvD^m\ 
mxumx±mLrzXyX-^mm^m^^'^n^zti)m 
mx$>^o 

[0 0 2 2] ^^i^wntt. mxmmxtiB2^m(Dmm 
myyy'i-^o^mtimit^mit-^^^ztiz^r)^ m 

= 0 ^- H©AiJ n y^zfyX'^tm= 1 h*©A'J 
n>Si7'^X-v'<7)4m£^fl:$-&^c:t, a&^Vitttt 

em 1 xnximmm^^^^momm^m^xm^iu, 
>A'vo'\'j 3 >}s:^7Xvo$iMic^#-rsa 
#jst^^£^ssc$-ti:, mmf^2xm.x\mm^^^^±^ 
^iifiHiibnozt. ^<b\zh^^^\ttismmixmx\t 
mm2^m(DMm^7yf-±^(Dntim^mmmifi&} 
\zm\ mmm2xnx\mntimmmmm.mzn 

roo2 3i zzx. i^^wmn^.\zfsti^^i(Dmmt 



(5) 

7 

MISf^/xof^^WTSfeWtt. O2 /TEOSS^:tfX. 

lixtoz m<Dm^m^x(D&^:»x^mn^7.tLr lo 

iH4 (ty->^» , Si2H6 (v->7» ^0->7 
CO 0 2 5] 

mmt^t, ftfflcO2^-h*<!:bT01C^$n-5<fc5 
;S:«^/1^->*«#«E-rs. (a) ©0ttm= 

0^:-h\ (b) 00ttm= l^-H^gL. m(Z){Itt 

ffi^<f>=0. ±^;f5tffiffl^(J> = 7c/2. TS^i^^fiffi^* 
= -rt/2C-?-n^^n^jStTViS, m=Ot-KT 

CO 02 61 ±^©A'j3>it::^7XT®eje^-H 

im\f^yX-^±^^^yn<Dm.W5^<0&m. (mm) 
^&^L. ja^ffllttlSfO'f:f>«SS^« (mA/cm^) * 
at". ilO0*^&t)35^-5J;5lC> m=Ot-Hl?tt, ffl 

m.xm<n.^i:oit^^^^t. -is, m=i^-H 

[0 0 2 7] a^©AU:n>gEy7X-7^gtt, m= 

0. m= i©Vi-fn*^-;i^o^-H©A'Jn>fiy7X 
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8 

Y^m^hfc^'^\zh^^y>^<Dm.Wi\Pi±mzt>rc^ 
xi^-fi^-^ynm^^^m^t^ •^tymmxh^, 

^cvD;i^i*{cfflVien§'\U3>S:/^XTgtttt. 
2 ?^Sc<Diii^iS7>x:J-<£<iAs ;i tJCck f? cine. 1^:5 
HO'nU =i>»y^X-7§*-:/7X-7t^5"v 
>A-|^{;E!ie-r-5C:<i:*«pItgtSnTV>^)/c*. 

■\'>Atf5^ifi€^©'f:t>«g5^S©^^jii!>.Sr. m= 1 

hx^^y)mW5\^<DiK\,mm\zt>fz^x^tymM 
[0 0 2 83 ^^\z, ^m^mtKr>n)V7.'^M^nx.\S. 

m,=f-U&<DUm'^'^^tn.K>. *fcm=0. m=lMt 
-HOT'^XT^S^SfcaS^-arna. -(^y/y^yii 

^xvofSiit^^-r-saiisM^-rnai/^xvag 

tttffiiEtS«jfi«^©y^X-7^SO$iIfflldtpI|g<i:;a:-5 
0fa©:''7Xv5!ia©F«9$Cl£;:i;T# 

[0 0 2 9] ;i(Dcfc5?5:Aij3>S:/7XTgg<£fflVi 
•:fyX-^mm^m^^tz.m^\zit^, :*:Pgo-^7xA{;:M 

smmmy')^ym\:^m^'^tsw.m7.^m^^xwL 
m.^mmz&ntdmm^m^u ^fcs iH4 ^©m 
mi^'i^ymt'^m^^t^wM-nT.^m^^xmm.mz^ 
ntdmm^^mt^}i\>^-^fzm.\z, cvD^2iefb 

LfcJi'&fCfc, *fgW©;<U>y hfiS^fCiin-S. tzt 

x\t, Mmy')^ymt^m^tm-.m7.^m.-&^ 

'^<D^m^mm^^m'pi^^tzmzi}7.(Dmm^mm 
\zum.-t ^-mti^h^ti^, mzmmi^') :3 yw^it-^m 

^■r^rc!sb\z-»7.<Dmm^im-^'f^^'Z^^^^hK), 
jg-csM^^^xv^mssj^oTVis. *fi?g©2x 
@{k^nfc'\un>g[:/^x-7cvD;&S(cj;n«, ii 
^iS7 yy'i-^(Dmmi^nfi<DWia'^m^0mm\zm-r 

^mW^y^-^a^^^^Tcib^z, :i(D^o\zmm^:fy 

mxsb^. 

[0 0 3 0] 

mmw] £tT, ^^m(DM:i^ffjf3:mmm\z'D^^xm,m 
•r-5. 

[0 0 3 1] mmmi 

^n^/&MX\t, m=0^-Htm=l^-H©Aij3> 
Me ■/ 7 XT * W^i^CN > J n > jiff -/^ XT C V D 3lg 



(6) 

9 

S iH4 /O2 UT.mzXl^^'^ti^S iOx 
[0 0 3 2] S-r. *IISS«i?Tffifflf S'v'Ja^sy^ 

\ yn 1 os^ffi 2 eSii^ns^ 1 (7):*f7.ftil&W 1 . 

0. g3^S2CWbT¥fTt^ltan-5m=0t-Kia iO 

5^1' 1 <n'mm^n'rimzmm'^Tti= 1 h® • 

[0 0 3 3] ±^0 2lS®t0ig^gc7>T:>-©^ittt, 

ti. 1 3 b.%mi)v\^7.%u 1 4 © 2 

a^so«ilg^'^^T* D , vi-fnA^-;&:f5U'f >y 9^ 1 2 

1 2(D®i^s 1 ■^mm-n\m'^<Dmn^%Mi 3*^ 
^fcSSTs 2 *sKfn(fii5HSE/'?;ux^iii 1 Atmr 
y'ri-\zmm^n^, ±M7.^v^i2tyyi/)V)V- 
'7y7-ir&(r>m\z\t. mimm^m.thxmv- 

HISS (R/C) 6 3. W;^iSg#S<!:LT©ffil!j7>y 
6 2, >tf-y>XiSSfflO-7^/5'>y . h>7- ^ 

^ (M/N) 6 i*t;:©iiCSM;^nTVi-5o tfc. ± 
lax-f -y^^i 2 tA-7^-> • ryv-ri t<DWi\z 

tt. iSi(l7>:^7 2i:V-y9^>^-^<7h7-i7 (M/ 

N) 7 imr.(Dmcmm.-^nx^^^o 

[0 0 3 4] ^gfiTtt, ;i0j;5{C2'^(DE»l7>y 
6 2, 7 2 ^^ffl ViT±E 2 ?^ii5(7)7 >x:^-{Cffi«&-r-5ii5 

iftbOH 2 © 2 *(Dffi?q'f :t >SSS^g^i'*ftiiS© If- 

^(Di^-^^m.\zm.-r^z.t\zmh<. mm<D-:fu^ 
7.(onmz)^\:xmMfi^-tymL^mm^m.'mm 40 
x$>^::t^M^vx^^?>o 

[0 0 3 5] ±IBU I'-IUgSe 3tt, i^i'JWU 

--zf • jyy't e t/\-y^-y ' 7yy-t\zm-^n 
^)ili^?S©ffiffi^£5:vi {'T e.-r t * g LT Vi-5o 
T. 0*Lfc«ittt3»(cA-7^-> • ryy^-ri m\z 

ntt, fctA«7t/2ns^^cn5, 

[0 0 3 6] IMVVy^ H • :3<;|.8«2Si^jit$ 



^M¥8-2 8 8 2 7 2 

JO 

TPs ®t£a?-\'>A'3'v©f|j@llC^-^-r5^^a3Vl^ 
<jl.8a. 8b«^aWDCflig (D/C) 8 1 flgi^ 

cDON/o F F J; D A u 3 >S[:^7Xv Ph ©Hiid^ 

mn-^n^iioizu^nx^-^^c 

[0 0 3 7] ±E:/7Xv4fiE^^>A*l llttifiM^^V 
^>A3©filIgffi*5j;t;iicBtt, Xx>UXai^O«S 

n iiM □ r s u > ^tt©"^ ^ m L □ ^£^-r -5 m 2 © 
;5:;^;x©#^)^<&§tt, ^<b\z^mmm\z^^^x^-v 

[0 0 3 8] ifSis, ;::ogStt±aiOj;'5{;. ^kdU 
XttiS&^ 1 0 2 ©;^fXtt«&lf 5 i:0 2 

fz.^(j)ii7.(Dmm^^^^\zx^^tmmm-^^^tz^x 

^n\z^r)immomm§i<»c^^'^ti.ifiib. 
yX-^^^^\ yn 1 nu<Dn-7-^ ^m%<DmM 

[0 0 3 9] ^ 6 (I, ±Effiit5"^ >>'N* 3 (n>9Vmz\t. 

±M^j^i\ • 7.f—'jQ'£.mz^n^%min^m.^ 

■tt, *fc5"Y>A*g(Cj;S7'7Xv«f©«^^SttacD 

51 IK. n=^-^ynz\H\z-^)v^t!7.-m.m^t!^ 

$-&T7'7X-7Hi;ii*^£fT3'60T*5. ift*. 
enr. fct;i«'^xA-7>7^-i^9 03tft©«H^O 

[0 0 4 0] ±IBffiit?^>A*3©rtg|5ttt. ^©a® 

/5^6m^«{^iffiift^nit^«tt©':7xA • xx->^9*t 
iR^$n. ;i©±(rffi«!iastsiLTfct;iLti':7xAW 
?£^SJttT^«©:^7XT5!ia (Ji;i-eficvD) $ff 
5i5t;^$nTVi-5. ^©"^xA • :;^-x->?9lc:«. 
::^7Xvtl'*^ 6 Aifr-5-1' iry<r>ai^)V^-^mn-t^ 
fcft t-^^xAWiiSKAM 7x?&Wj]n-r-5A*>r 7XH)Jni 

ffliii^&«ilSl 6;5t. ^2©-775">i^-^y h7-^ 
(M/N) 1 5$:rt-tTSi^$tlTli'5. A' 
'1'7Xa^IDffliiSS}*SJSl 6©S?lJtSr*l 3. 5 6MH 



(7) 
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12 



CO 0 4 1] ±i2©gB^£fflH, mWZS i Ox 

Sffi2 0±\ZtztK\iS iOxti^i^fS.i>T)&mmm2 1 

ifims-^n, ^<^\zz0±{zA\mmm/'^^->2 4tfi 
mmzyfmmrs.mm^hoxm^-^nx\^^i>o ±iea 

^J;D;i-5A*'J-\'>ti5';l'2 2±tA 1 - l %S i^2 3 

O2 i^a 0) 

S iH4 iiit« m2(Dl]7.m^b) 

^PelX'^-XfeS i OxHPal*feiiai2 5Tam'«*j2. 

[0 0 4 4} ;iO^, ^»roCMPSHJ:0±tHS i o 
xlWiS6igili2 SOgffiSr^^U 0 7 JCS^^tl-S J;5 

c¥afb$nfcs i oyimmmm:2 5 p pi±sf 
[0 04 5] %mm2 

4$^ij^bTm=0^-H • zfyX^tm=l^-Y • 

•^(Dmm^mm\yn.ffii^m.mmmzmi^w,i<os 
[mum 

02 mm (f^KDisxm&'sio) 

TEOSSS* (.m2(D^mm5) 
H2O 85* m2(D:»mm5) 

=yy^M\^--f ■ jyT-'ymm.-h 
n-y^-y • jy^-rmn.-n 
mn^7.^v^ytfnm 

±i2miiSTtt. mmmyy't^d^n.tim^^f^iK 
tiithtzz.t. 7yy-r^(Dm^ti(Dmi'^^^<m 

mm^^^ULtz^t^(o^m\zi:ri, :/7Xv^s*n 
3ig{c«iM^ nr^? I Agsc«ttoiisti^iitiiffi^*: 



tLxmij'&Yy-(x.v^yif^no^tii%^-^n 

•So ±SA 1 ^SIlA^->2 4i5cfctffiB^rBlX'^-X 
OS/jNfi«0. 2 5/:imT-&4. ttz. EUP^X-^-X 

[0 0 4 2] ^©■>xA<£±E'^xA • ;^x-v9±lr 

^m^7yf-f\zm%(o^mmMi z^^mzw^-t 

Pi (onmtn\zfrt>n^^i^iiLtzo ^z-x. -mt 
LTTfB©*fi=Ts i oxmrnrnm^m^Xytzo 

[0 0 4 3] 



5 0 
5 0 
0.13 
2 5 0 0 
2 5 0 0 
1 0 0 



SCCM 
SCCM 
Pa 

W (1 3. 
W (13. 
W (1 3. 



5 6 
5 6 
5 6 



MHz) 
MHz) 
MHz) 



ztyX-^mm'bm'^Eiim^^ts.ifimmmz^n^^ 
2 0S i oyiMfmsm^m^x^fz. 

[0 0 4 6] -r^fc-fe. S-rmi©S i OxlPBlffiii^l^ 

o^Kl^xgTli. ^m(r)mb\zmhfz^y:f)V'tJ^J\ 
^&^Sg«s|iT)^'<fcAU3>SE::^7X^gB(c-fe7 h 

b. X-f 1 2 ©Si^S 2 ^S*JbT-»i^JWI/--/ 
• 7>x:>-6 tA-7^-> • 7>x:>-7tili^i6A)P 
xmiHi 4i£igi^t;t= 9vnmvv / ^ ' 

;l'tgM^nSX-r7^8 2ttOFFtb, JSfi[5'v> 
A'3'\©^'J:3>i[7'7XPB ©IS^I?£ffl)MbfcttJlt 
bfco r©^lXSS(DCVD*#0-«3|?&£iTfc*-ro 
[0 047] 



5 0 

2 0 
5 0 

0. 1 3 
2 0 0 0 
10 0 0 

3 0 
10 0 



SCCM 
SCCM 
SCCM 
Pa 

W (1 3. 
W (1 3. 

u. s 

W (1 3. 



5 6 
5 6 

5 6 



MHz) 
MHz) 



MHz) 

n?> J; 5 \zwm.mimzm\.fz$^ i o s i o y^mmm 

|g 2 5 J^^-rS Z. tlfiX^tzo 
[0 0 4 8] 'A<r>^2XmX\i.. X-Yy^^l 2 0®i^S 

1 ^m!Rhxm7yy-)-^mnonm^nM 1 3 ^mm. 

\Z. X'f •y5"8 2?£ONtbTjl£i[5"-\'>A'3'\©AU 

3>is:/7XTPe (r>mm^^mts.m^t\^xf^2(Ds 



(8) 
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13 



14 



[0 049] 



[^21^] 

02 mm {m\(oi}7.m^io) so 

S i H. ggft i^2<D^7.m^^) 2 0 
iiT^B. 0. 13 

i^y^jvjv-zf • ryy-^m^ti 2500 
fs-y^f-y -jyT-i-m^ii 2500 
^nw^^TT^mn 100 

08t::S$n5j;5{ilS^-i?KStt 
{cSn-5^2 0S i OxHrpl*6jitK2 ySrJgfS-rSilt 

[0 0 5 0] -figtl, TEOS^©^«|>''J=i>^{k^ 

7) V A 1 J^E^Il'\©kDyi7^3}?^ HO)^^, MO 
S-FET©Elfflro^S!l-t>*:-y U 7ffi14©^ft; 

[0 0 5 1] ^^JSCsiTtt. HrBliteiii^^2H^b-r^:i 
tT±i^®<t'5;i5:Po1SS«9ibTVi^*t, TEOS©^^ 
[®1IS] 

C2F6 SS* (mi©:^Jx^il&Wi 0) 20 
O2 SSa (mio;«7.tt)^i 0) 5 0 

TEosmm m2<Df37.m^z) 20 

H2O iiSft (^2 0;?fxftl&t5) 5 0 
^fXJE 0. 13 

-> y if)i)V- ' 7 yr-ymmti 2000 

A-7^-> • 7>x:f 10 0 0 

mn^T.'iv^yifnm 30 

^«?llEA*'f7Xm* 100 

{**tJ^BK$n, 0 8(;:*$n*cka;5:S i OFIi2 8*t 
?gfi!c$nfc. J:OSiOFI128«, C2F6:f!i^&«llil4 
figLfcF?&IStiJtiRDj5.tr^ttiD, ±^©^1©S 

•So 

[0 0 5 5] fcfcb, ;i®ct5;5:fi^m^i^ii:Ktt-|g 

;iom©cMP^®3©s i o-!immmmm2 7hnm 
[0 0 5 6] %mmA 



SCCM 
SCCM 
P a 

W (1 3. 
W (1 3. 
W (1 3. 



5 6 
5 6 
5 6 



MHz) 
MHz) 
MHz) 



10 m%h^m-r^^tifi-Q^. m^xmw&(DM^^mi 

[0 0 5 2] c©^. ^tt©CMPS(cJ;D. 091::* 

$n-5j;5J'S«:©^Hit;¥ajS:^i©s iOxHrpi«e 

ffim2lSt|^D*#T5Jc*Tm3©S iOxlFs^^ 

[0 0 5 3] mmm3 

:^mmm-v\i. mmm2mmt^ii^. mi©s iox 

j^t. '\'J:3>sy7XT©lSii«ifilSff-3fc. z.(Dm 

1 IS© c V D ^i^(D-m ^pjrf\z^-r. 

[0 0 54] 



SCCM 
SCCM 
SCCM 
SCCM 
P a 

W (1 3. 
W (1 3. 
p. s 

W (1 3. 



5 6 
5 6 

5 6 



MHz) 
MHz) 



MHz) 

(DnmiSinti(Dmm^^ino^t\z^ Dm= o ^- h 
tm= 1 ^- H©Aij 3 y^-:fyx-^^nf^\zmmvys. 
ti^^nocvDijmxh-^tzffl. i^%mmx\tyytf)V 

Jl'-y- 7>x:^6tA-7^->• 7>7^±7^©« 

[0 0 5 7] 2)i:|lifi«^T?fflVie.n§AiJn>iSE^ 
5XvCVDgg{IOViT, ig4&#lb;fe*te,|KBJf 

^0 ;i©gattMai©ia3f;:*bfcgg<httS;^D, -> 
>i^)WP-:/ • 7>'r:)-6'\©«:>j«$&J^ii^l3{S[fflBaiE 
ffl©'J U-[sI^6 3;^tgi^$nT*e>-f, ■e©*^*pD. 
aS©ii^S«igi 3©^gtiiS^x-f «;/5">i^lij^i 

8*tgEi^$nTVi-5. HWiUlX-r^v^^i^HiSSl 8tt 



(9) 
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15 



16 



Oa SS« 0) 5 0 

TEOSfiS* (^2©;«f;^#t«&t5) 2 0 
HjO iiSft (B20^X«iS&t5) 5 0 

■n7.S. 0. 13 

V • 7 2 5 0 0 

i\-y^-y • jyT-rm^-h 2500 
iS^sx-f -y5^>i/s»a 15 
mmw^^77.mt) 100 

*IISS«^T«, m=0t-h*i:m=lt-HOAija> 

i^®(7)s i 0xirB^ifigtii2 5i&}^^-r5c:t*tTir 
it, 

[0 0 6 0] ;5:*5. *IIM0iJT«^1^^(liy l^/^ H • n 
-fjUS bCX'f y^'S 2^Si^LT*O0N/0FF® 

X-^\t-mzyi>tiMz'M3).. ^^)^>^-XyX-^\t- 

figt-f^rxdStf^^^xvT^-s*^^. ii-/7Xv©5g 

■t^z-tifi-^^tis.^, z.(Dum<ommuz^y). m: 
uimm(o%^§i\^^^t-(ty\z^^miEfs.^m.^t 

[0 0 6 1] Sl±. *IR!HJ?&40ijO|liS0iJHt>t'CfViT 
[0 0 6 2] 40 

[5gBjo^*] &.}i(omm^^m^i^f3i^o\z. 
ig^&5iffl-rn«, 5"^>A*g;&(6](7)y^x-7^S5j-^&^ 

rrail m=0^-Him=l^— H©AU3>J)t-/^ 50 



* [0 0 5 8] z<D^o^>&-Xyx^mm\zmtii<Dm5 

©^frTS i OxaPBlffiaig2 5^£^bfc, 
[0 0 5 9] 



SCCM 
SCCM 
SCCM 
Pa 

W (1 3. 
W (1 3. 

p. s 

W (1 3. 



5 6 
5 6 

5 6 



MHz) 
MHz) 



MHz) 

[02] m==0t-h*i:m=lt-H(D'\iJn>Sy7 
X'70&fa^t>nu^m^^^^-rifyyx$>^. 
[03] m=0^-Htm=l^-H(DA"j3>i[7'7 

x^<Dmnmm/?^!f:m^^^zs^'j 3 >sy7Xv© 
IS3i$!l®*Mtg^ A u 3 >S:;^^Xt c V Dgfi©-« 

[04] m=0^-h*(i:m=l^-F©AiJa>S^y7 
XTOj^Siae^OiBltg^SAU a >iSEy5XTC VDgg 

[05] ^^m^mrnvrcs ioxm?^^mB.m(DcvD 
(i*5i>T, Tii6iiei&ii±tcA 1 ^mw^^->ti^^^-^ 

[0 6] 0 5OBS^PB^X'^-X*imiOS i OxSFbI!^ 
-5, 

[07] CMP?&fToT^l©S i OxlF^iieigliroa 

[08] ^i©s ioxar«i*eiiiK*fctts iopn© 
±(c^2(Z)s i oxSKi^igiii&«sL;^c<^si<£^-r^ 
itM»f®01?*^. 

[09] CMP2:ff^T08(D^l©S iOxlK^ii 
|gSfc«S i OFH^^aCWSb. ^®±{I^30S 

1 y^XT4fiK?-V>A* 
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